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,,22+ LQWHUPHGLDWHVYLDIDFLOH+DWRP
DEVWUDFWLRQIURPDVFRUEDWH%\LQYHVWLJDWLQJDOOWKHSRVVLEOHUHDFWLRQSDWKZD\VIURPWKH&X,,í22+LQWHUPHGLDWHZHUXOHGRXW&X,,2
IRUPDWLRQYLDGLUHFW22FOHDYDJHRI&X,,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/\WLFSRO\VDFFKDULGHPRQRR[\JHQDVHV/302VDUHUHJDUGHGDVWKHNH\HQ]\PHVIRUWKHGHJUDGDWLRQRISRO\VDFFKDULGHVVXFKDVFKLWLQDQG
FHOOXORVHEHLQJRIKLJKFRPPHUFLDOLQWHUHVWLQWKHSURGXFWLRQRIELRIXHOV7KHVHHQ]\PHVDFWLYDWHJO\FRVLGLFERQGVWKURXJKK\GUR[\ODWLRQ
RIWKHSRO\VDFFKDULGHVXEVWUDWHDWHLWKHUWKH&RUWKH&SRVLWLRQIROORZHGE\WKHHOLPLQDWLRQRIWKHVFLVVLOHJO\FRVLGLFERQGDQGIRUPDWLRQ
RIWKHDOGRQLFDFLGV)LJXUHDRUNHWRVXJDUVDWR[LGL]HGFKDLQHQGVUHVSHFWLYHO\
 $VVKRZQLQ)LJXUHEWKH/302DFWLYHVLWHFRQWDLQVDPRQRQXFOHDUFRSSHUFHQWHUOLJDWHGE\WZRKLVWLGLQHOLJDQGV+LVDQG+LV
DQDUUDQJHPHQWNQRZQDVWKHKLVWLGLQHEUDFH)LJXUHDGHVFULEHVWKHJHQHUDOUHDFWLRQFDWDO\]HGE\/302VLQZKLFKWZRHOHFWURQVDUH
UHTXLUHGWRDFWLYDWHPROHFXODUR[\JHQWRZDUGWKHR[LGDWLYHFOHDYDJHRISRO\VDFFKDULGHV7KHVHWZRHOHFWURQVDUHHLWKHUH[WHUQDOO\VXSSOLHG
E\VPDOOPROHFXOHUHGXFWDQWVRUHQ]\PDWLFHOHFWURQGRQRUVVXFKDVFHOORELRVHGHK\GURJHQDVH&'+,QPRVWH[SHULPHQWVDVFRUELF
DFLGKDVEHHQXVHGDVDQHIILFLHQWHOHFWURQGRQRUIRU/302V5HFHQWVWXGLHVKDYHVKRZQWKDWWKHVHHQ]\PHVPD\DOVRXVH+2DV
FRVXEVWUDWH7KLVILQGLQJLVOLQNHGWRWKHREVHUYDWLRQWKDW/302VFDQJHQHUDWH+2IURPXQFRXSOHGWXUQRYHUZKHQH[SRVHGWR2DQG
DUHGXFLQJDJHQWLQWKHDEVHQFHRIDVXEVWUDWH
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)LJXUHD*HQHUDOUHDFWLRQIRU2GHSHQGHQWDFWLYLW\RI/302VWRZDUGR[L
GDWLRQDW&E&U\VWDOVWUXFWXUHRI/V$$/302ZLWKDSRO\VDFFKDULGHVXE
VWUDWH ERXQGRQ WKH VXUIDFHRI WKH HQ]\PH 3'% FRGH$&) 7KH ULJKWVLGH
SDQHOKLJKOLJKWVWKHDFWLYHVLWHVWUXFWXUH1RWHWKDW+LVLVDQ1įPHWK\ODWHGKLV
WLGLQHKHUHDIWHUQDPHG+LFWKDWLVFRRUGLQDWHGWRWKHPHWDOLRQYLDERWKLWVLP
LGD]ROH1İDQGLWVDPLQRWHUPLQXV1+
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
 'HVSLWHH[WHQVLYHH[SHULPHQWDODQGFRPSXWDWLRQDOVWXGLHVWKHPHFKDQLVPRIDFWLRQRI/302VUHPDLQVHOXVLYHDQGVRPHWLPHVHYHQ
FRQWURYHUVLDO6FKHPHVKRZVWKHSXWDWLYHFDWDO\WLFSDWKZD\VIRUWKH2GHSHQGHQWDFWLYLW\RI/302VWKDWHPHUJHIURPH[SHULPHQWDO
DQGFRPSXWDWLRQDOLQYHVWLJDWLRQV,WLVJHQHUDOO\DFFHSWHGWKDWWKHFDWDO\WLFF\FOHEHJLQVZLWKWKHRQHHOHFWURQUHGXFWLRQRIWKH&X,,UHVWLQJ
VWDWHWR&X,IROORZHGE\2ELQGLQJWRJHQHUDWHD&X,,VXSHUR[RVSHFLHV&X,,2(DUO\WKHRUHWLFDOFDOFXODWLRQVRQVPDOODFWLYH
VLWHPRGHOVVXJJHVWHGWKDW2ELQGVLQWKHD[LDOFRRUGLQDWLRQSRVLWLRQtransWRWKH7\UUHVLGXHVHH)LJXUHE+RZHYHUDFRPELQHG
VSHFWURVFRSLFDQGFRPSXWDWLRQDOVWXG\DVZHOODV4000FDOFXODWLRQVKDYHVKRZQWKDWWKHHTXDWRULDOFRRUGLQDWLRQLVHQHUJHWLFDOO\PRUH
IDYRUDEOH7KLVLVFRQVLVWHQWZLWKWKHUHFHQWO\GHWHUPLQHGFU\VWDOVWUXFWXUHRID/302&$=\FODVVLILFDWLRQ$$LQZKLFKWKHSRO\VDF
FKDULGHVXEVWUDWHRFFXSLHVWKHVSDFHDURXQGWKHD[LDOSRVLWLRQ)LJXUHEOHDYLQJRQO\WKHHTXDWRULDOVLWHRFFXSLHGE\DFKORULGHH[RJHQRXV
OLJDQGLQWKHVWUXFWXUHIRUFRVXEVWUDWHELQGLQJ
7KH&X,,2VSHFLHVIRUPHGXSRQ2ELQGLQJZDVLQLWLDOO\SURSRVHGDVWKHDFWLYHRQHIRUWKHK\GURJHQDWRPDEVWUDFWLRQ+$$IURP
WKHSRO\VDFFKDULGHVXEVWUDWHEXW')7PRGHOFDOFXODWLRQVE\.LPHWDODQGPRUHUHFHQWO\%HUWLQLHWDORQWKHR[LGDWLRQRIµFHOOX
ORVLF¶VXEVWUDWHE\DQ$$/302KDYHWKURZQGRXEWRQVXFKDSRVVLELOLW\6LQFHGLUHFW+$$IURPWKHVXEVWUDWHLVXQIDYRUDEOHLWLV
OLNHO\WKDWWKH&X,,2VSHFLHVILUVWFRQYHUWVWRFRSSHU,,K\GURSHUR[R>&X,,í22+@6FKHPHE\DEVWUDFWLQJDK\GURJHQDWRPRUYLD
SURWRQFRXSOHGHOHFWURQWUDQVIHU3&(7IURPDVXLWDEOHFRVXEVWUDWHHJDVFRUEDWHGHSHQGLQJRQZKHWKHUWKHHOHFWURQDQGWKHSURWRQDUH
WUDQVIHUUHGVLPXOWDQHRXVO\RUVHSDUDWHO\UHVSHFWLYHO\
 7ZRGLVWLQFWPHFKDQLVWLFURXWHVFDQEHHQYLVDJHGIRUWKHUHDFWLYLW\RI&X,,í22+LQ/3023KLOOLSVHWDOSURSRVHGWKDWDVHFRQG
HOHFWURQWUDQVIHUFRXSOHGZLWKGLVWDO2SURWRQDWLRQFRXOGIDFLOLWDWHWKHKRPRO\WLFFOHDYDJHRIWKH22ERQGUHOHDVLQJDZDWHUPROHFXOHDQG
IRUPLQJD&XíR[\ODFWLYHVSHFLHV&X,,2route ILQ6FKHPH$OWHUQDWLYHO\&X,,í22+PD\UHDFWYLDLWVSUR[LPDO2OHDGLQJWRWKH
IRUPDWLRQRI&X,DQG+2route IILQ6FKHPH,QDUHFHQWZRUNZHGHPRQVWUDWHGin silicoWKDWVXFK&X,+2VSHFLHVFDQHYROYH
WRZDUGVWKHUHDFWLRQSURGXFWV6SHFLILFDOO\+2FDQEHHIILFLHQWO\DFWLYDWHGE\/302&X,YLDDORZEDUULHUKRPRO\VLVPHFKDQLVPIRUP
LQJ&X,,2+DQGDFDJHGK\GUR[\OUDGLFDOLQWHUPHGLDWH+2WKDWHYROYHVWRZDUGVWKHKLJKO\UHDFWLYH&X,,2VSHFLHVZKLFKLVWKHRQH
R[LGL]LQJWKHSRO\VDFFKDULGHVXEVWUDWH+RZHYHULWUHPDLQVWREHGHPRQVWUDWHGZKHWKHU&X,+2LVLQWHJUDOWRWKHFDWDO\WLFF\FOHroute
,,
$OWKRXJKWKHUHDFWLYLW\RI&X,,2LVZHOOUHFRJQL]HGKDYLQJEHHQSURSRVHGDVWKHDFWLYHVSHFLHVRI/302E\FRPSXWDWLRQDOVWXGLHV
WKHGHWDLOHGPROHFXODUPHFKDQLVPRI2DFWLYDWLRQDQGVSHFLILFDOO\WKHIRUPDWLRQRIWKLVKLJKO\UHDFWLYHVSHFLHVUHPDLQVRQHRIWKHPRVW
LQWULJXLQJXQDQVZHUHGTXHVWLRQVLQ/302FDWDO\VLV7KHIXOOFDWDO\WLFF\FOH6FKHPH LQYROYHVVHYHUDOHOHFWURQWUDQVIHUVWHSVWKDWDUH
PHGLDWHGE\DUHGXFWDQW7KHUROHRIUHGXFWDQWLVWKHUHIRUHFULWLFDOLQWKHRYHUDOOPHFKDQLVP)URPDFRPSXWDWLRQDOSHUVSHFWLYHKRZHYHU
UHOLDEOHPRGHOOLQJRIWKHUHGXFWDQWSUHVHQWVFKDOOHQJHVQRWOHDVWRIZKLFKDUHWKRVHDVVRFLDWHGZLWKDFFXUDWHVROYDWLRQHQHUJLHVRIWKHUHGXFLQJ
DJHQWDQGWKHG\QDPLFUHRUJDQL]DWLRQRIWKHHQYLURQPHQW$FFRUGLQJO\HOHFWURQWUDQVIHUUHODWHGSURFHVVHVVXFKDVHOHFWURQWUDQVIHU(7
SURWRQFRXSOHGHOHFWURQWUDQVIHU3&(7DQGK\GURJHQDWRPDEVWUDFWLRQ+$$LQYROYLQJWKHUHGXFWDQWKDYHEHHQVRPHZKDWQHJOHFWHGLQ
SUHYLRXVPHFKDQLVWLFVWXGLHV$VDFRQVHTXHQFHLWLVXQNQRZQZKHWKHUDQ\RIWKHSUHYLRXVO\VXJJHVWHGPHFKDQLVPVIRU2DFWLYDWLRQ
LVNLQHWLFDOO\IHDVLEOH
 7RDGGUHVVWKHDERYHLVVXHVZHKHUHHPSOR\DFRPELQDWLRQRIPROHFXODUG\QDPLFV0'DQG40000'VLPXODWLRQVWRLQYHVWLJDWH
WKHIXOO2DFWLYDWLRQPHFKDQLVPRI/302VLQWKHSUHVHQFHRIDVFRUELFDFLGRQHRIWKHPRVWFRPPRQUHGXFWDQWVXVHGLQ/302DVVD\V2XU
UHVXOWVOHDGWRWKHLGHQWLILFDWLRQRIDSRVVLEOHSDWKZD\LQZKLFK&X,+2IRUPVGXULQJWKHFDWDO\WLFF\FOH%DVHGRQWKHSUHVHQWILQGLQJV
DPHFKDQLVPRI/302VLVSURSRVHGWKDWH[SODLQVWKHDYDLODEOHH[SHULPHQWDOLQIRUPDWLRQDQGLQSDUWLFXODUWKHVXEVWUDWHGHSHQGHQFHRIWKH
UHDFWLYLW\RIWKH&X,+2LQWHUPHGLDWH
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6FKHPH3RVVLEOHFDWDO\WLFSDWKZD\VIRUWKHSRO\VDFFKDULGHVXEVWUDWHK\GUR[
\ODWLRQYLDWKH2GHSHQGHQWDFWLYLW\RI/302V

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
6\VWHP6HWXS7KHLQLWLDOVWUXFWXUHRI/302ZDVSUHSDUHGRQWKHEDVLVRIWKHUHFHQWO\GHWHUPLQHGFU\VWDOVWUXFWXUHRIWKH/302HQ]\PHLQ
FRPSOH[ZLWKDQROLJRVDFFKDULGHVXEVWUDWH3'%FRGH$&)ZLWKDUHVROXWLRQRIc7KHVXEVWUDWHZDVUHPRYHGIURPWKHVWUXFWXUH
DQG WKH HTXDWRULDO &O OLJDQG ERXQG WR &X FHQWHU ZDV HLWKHU UHSODFHG E\ 2 WR PRGHO WKH &X,,2 VSHFLHV RU E\ 22+ WR PRGHO
&X,,í22+ VSHFLHV :H DVVLJQHG WKH SURWRQDWLRQ VWDWHV RI WLWUDWDEOH UHVLGXHV +LV *OX $VS RQ WKH EDVLV RI S.D YDOXHV XVLQJ WKH
3523.$VRIWZDUHLQFRPELQDWLRQZLWKFDUHIXOYLVXDOLQVSHFWLRQRIORFDOK\GURJHQERQGHGQHWZRUNV+LVWLGLQHUHVLGXHV+LV
ZHUHSURWRQDWHGDW1įZKLOH+LVZDVSURWRQDWHGDW1įDQG+LVZDVGRXEO\SURWRQDWHG$OOJOXWDPLFDFLGDQGDVSDUWLFDFLG
UHVLGXHVZHUHGHSURWRQDWHG7RLQYHVWLJDWHWKHSRVVLELOLW\RI+LVRU*OXDFWLQJDVSURWRQGRQRUVGXULQJWKHUHDFWLRQWKHVHUHVLGXHV
ZHUHVHOHFWLYHO\SURWRQDWHG,QWKHVHFDVHVLQZKLFKDVFRUEDWHZDVLQYROYHGLQWKHUHDFWLRQLWZDVGRFNHGLQWRWKH/302DFWLYHVLWHXVLQJ
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
WKH$XWR'RFN9LQDWRROLQ&KLPHUD7KHJHQHUDO$0%(5IRUFHILHOG*$))ZDVXVHGIRUDVFRUEDWHZLWKWKHSDUWLDODWRPLFFKDUJHV
REWDLQHGIURPWKH5(63PRGHODWWKH+)*OHYHORIWKHRU\7KHIRUFHILHOGIRUWKHHQ]\PHUHVWLQJVWDWH&X,,2DQG&X,,22+
VWDWHVZHUHSDUDPHWHUL]HGXVLQJWKH³0&3%S\´PRGHOLQJWRRORI$PEHU7RROV7KH$PEHUII6%IRUFHILHOGZDVHPSOR\HGIRUWKH
SURWHLQUHVLGXHV6RGLXPLRQVZHUHDGGHGWRWKHSURWHLQVXUIDFHWRQHXWUDOL]HWKHWRWDOFKDUJHRIWKHV\VWHPV)LQDOO\WKHUHVXOWLQJV\VWHP
ZDVVROYDWHGLQDUHFWDQJXODUER[RI7,33ZDWHUVH[WHQGLQJXSWRDPLQLPXPGLVWDQFHRIcIURPWKHSURWHLQVXUIDFH

&ODVVLFDO0'6LPXODWLRQV$IWHUSURSHUVHWXSWKHVWUXFWXUHVZHUHIXOO\PLQLPL]HGXVLQJDFRPELQDWLRQRIVWHHSHVWGHVFHQWDQGFRQMXJDWH
JUDGLHQWVPHWKRGV7KH V\VWHPZDVVXEVHTXHQWO\JHQWO\DQQHDOHG IURP WR.LQ WKHFDQRQLFDOHQVHPEOH IRUSVXVLQJDZHDN
UHVWUDLQWRINFDOPROcRQWKHSURWHLQEDFNERQHDWRPV7RDFKLHYHDXQLIRUPGHQVLW\DIWHUKHDWLQJG\QDPLFVQVRIGHQVLW\HTXLOLEUDWLRQ
ZDVSHUIRUPHGXQGHULVRWKHUPDOLVREDULFHQVHPEOHDWDWDUJHWWHPSHUDWXUHDQGSUHVVXUHRI.DQGDWPUHVSHFWLYHO\XVLQJWKH/DQJHYLQ
WKHUPRVWDWDQGWKH%HUHQGVHQEDURVWDWVZLWKFROOLVLRQIUHTXHQF\RISVDQGSUHVVXUHUHOD[DWLRQWLPHRISV7KHUHDIWHUDOOUHVWUDLQWV
ZHUHUHPRYHGDQGWKHV\VWHPZDVIXUWKHUHTXLOLEUDWHGIRUQV)LQDOO\DQVSURGXFWLRQ0'UXQZDVFDUULHGRXW,QWKRVHFDVHVLQZKLFK
HLWKHUDVFRUEDWHRUDQ+2LRQZDVLQYROYHGLQWKHUHDFWLRQWKHLUSRVLWLRQVZHUHUHVWUDLQHGZLWKDZHDNUHVWUDLQWRINFDOPROcGXULQJ
HTXLOLEUDWLRQDQGSURGXFWLRQ0'VLPXODWLRQVDYRLGLQJWKDWWKH\GLIIXVHLQWRWKHEXONZDWHU$OO0'VLPXODWLRQVXVHGWKH6+$.(DOJRULWKP
DORQJZLWKDQLQWHJUDWLRQVWHSRIIVDQGWKH\ZHUHSHUIRUPHGZLWKWKH*38YHUVLRQRIWKH$PEHUSDFNDJH

40000'DQGPHWDG\QDPLFVVLPXODWLRQV2QHUHSUHVHQWDWLYHVQDSVKRWH[WUDFWHGIURPHDFKFODVVLFDO0'WUDMHFWRU\ZDVXVHGIRUWKH
VXEVHTXHQW40000'VLPXODWLRQ$OO40000'VLPXODWLRQVZHUHSHUIRUPHGZLWKWKH&3.SDFNDJHFRPELQLQJWKH40
SURJUDP48,&.67(3DQGWKH00GULYHU),67,QWKLVFRGHDUHDOVSDFHPXOWLJULGWHFKQLTXHLVXVHGWRFRPSXWHWKHHOHFWURVWDWLFFRXSOLQJ
EHWZHHQWKH40DQG00UHJLRQV7KH40UHJLRQZDVWUHDWHGDWWKH')7%/<3OHYHOHPSOR\LQJDGXDOEDVLVVHWRI*DXVVLDQDQG
SODQHZDYHV*3:IRUPDOLVPZKHUHDVWKH00UHJLRQZDVPRGHOHGDWWKHFODVVLFDOOHYHOXVLQJWKHVDPHIRUFHILHOGDVLQWKHFODVVLFDO
0'VLPXODWLRQV7KH40UHJLRQLQFOXGHGDWOHDVWWKH&XFRIDFWRUWKH+LFUHVLGXHDQGWKHVLGHFKDLQVRIUHVLGXHV+LVDQG7\U*OQ
ZDVFRQVLGHUHGIRUWKRVHUHDFWLRQVLQZKLFKWKLVUHVLGXHGLUHFWO\LQWHUDFWVHLWKHUZLWK2RUWKH22+PRLHW\2WKHUDGGLWLRQDOUHVLGXHVWKDW
ZHUH LQFOXGHG IRU VSHFLILF UHDFWLRQV DUHGHVFULEHG LQ WKHPDQXVFULSW7KH ZDYH IXQFWLRQZDVH[SDQGHG LQD *DXVVLDQGRXEOHȗYDOHQFH
SRODUL]HG'=93EDVLVVHWZKLOHDQDX[LOLDU\SODQHZDYHEDVLVVHWZLWKDFXWRIIRI5\ZDVXVHGWRFRQYHUJHWKHHOHFWURQGHQVLW\LQ
FRQMXQFWLRQZLWK*RHGHFNHU7HWHU+XWWHU *7+SVHXGRSRWHQWLDOV IRU WUHDWLQJ WKHFRUHHOHFWURQV7RVSHHGXS WKHFDOFXODWLRQRI WKH
+DUWUHHí)RFNH[FKDQJHZLWKLQ%/<3WKHDX[LOLDU\GHQVLW\PDWUL[PHWKRG$'00ZDVXVHG$OO40000'VLPXODWLRQVZHUHSHU
IRUPHGLQWKH197HQVHPEOHXVLQJDQLQWHJUDWLRQWLPHVWHSRIIV7KHV\VWHPVZHUHHTXLOLEUDWHGZLWKRXWDQ\FRQVWUDLQWIRUSVDQG
WKHZHOOWHPSHUHGPHWDG\QDPLFVPHWKRGZDVXVHGWRH[SORUHWKHIUHHHQHUJ\SURILOHIRUHDFKUHDFWLRQVWHS6SHFLILFFROOHFWLYHYDULDEOHV
XVHGIRUWKHGLIIHUHQWUHDFWLRQVWHSVDUHGHVFULEHGLQWKHPDQXVFULSW7KHZLGWKRIWKH*DXVVLDQVKDSHGSRWHQWLDOKLOOVZDVWDNHQEHWZHHQ
DQGc7KH*DXVVLDQKHLJKWZDVVHWWRNFDOPROZKLOHWKHWLPHGHSRVLWLRQLQWHUYDOEHWZHHQWZRFRQVHFXWLYH*DXVVLDQVZDVVHWWR
IV

5(68/76$1'',6&866,21

2YHUYLHZRIWKHUHGR[FKHPLVWU\RIDVFRUELFDFLG$VFRUELFDFLG$VFRUYLWDPLQ&LVDQLPSRUWDQWELRORJLFDOFRIDFWRUDQGKDVEHHQ
H[WHQVLYHO\XVHGDVDQHOHFWURQGRQRUIRUWKHDFWLYLW\RI/302V,WVUHGR[FKHPLVWU\LVVXPPDUL]HGLQ6FKHPH$VFRUELFDFLGLVD
ZHDNDFLGZLWKDS.DRI7KXVLWH[LVWVSUHGRPLQDQWO\LQWKHIRUPRIWKHDVFRUEDWHPRQRDQLRQ$VF+DWSK\VLRORJLFDOS+DQGDOVR
DWWKHS+VW\SLFDOO\XVHGLQ/302DVVD\V7KH$VF+VSHFLHVLVNQRZQWREHDJRRGHOHFWURQGRQRUZKLFKHLWKHUGRQDWHVRQHHOHFWURQWR
IRUPWKHQHXWUDODVFRUE\OUDGLFDO$VF+RULWVLPXOWDQHRXVO\GRQDWHVDQHOHFWURQDQGDSURWRQWRIRUPWKHDVFRUE\OUDGLFDODQLRQ$VF
:HFRPSXWHGWKHLRQL]DWLRQHQHUJLHV,(IRUWKHWKUHHSRVVLEOHHOHFWURQGRQRUVSHFLHV$VF+$VF+DQG$VF6FKHPHDQGIRXQGWKDW
DVFRUEDWH$VF+KDVWKHORZHVWLRQL]DWLRQHQHUJ\7DEOH6LQGLFDWLQJLWLVWKHPRVWHIILFLHQWRQHHOHFWURQGRQRUDVVXJJHVWHGE\H[SHU
LPHQWV

6FKHPH6XPPDU\RIWKHUHGR[FKHPLVWU\RIDVFRUELFDFLGDORQJZLWKFRPSXWHGLRQL]DWLRQHQHUJLHV,(LQNFDOPRODQGH[SHULPHQWDOS.DYDOXHVIURP
5HI




5HGXFWLRQRIWKHUHVWLQJVWDWH/302&X,,WR&X,E\DVFRUEDWH6LQFHDVFRUEDWHLVWKHSUHGRPLQDQWVSHFLHVDQGWKHPRVWHIILFLHQW
RQHHOHFWURQGRQRUZHILUVWLQYHVWLJDWHGWKHSRVVLEOHUHGXFWLRQRI/302&X,,E\DVFRUEDWHILUVWVWHSLQ6FKHPH&DOFXODWLRQRIWKH
LRQL]DWLRQHQHUJ\RIDVFRUEDWH$VF+DQGWKHHOHFWURQDIILQLW\RI&X,,VKRZVWKDWUHPRYDORIDQHOHFWURQIURPDVFRUEDWHUHTXLUHVDQHQHUJ\
RINFDOPRO(TZKLOHJLYLQJDQHOHFWURQWR&X,,UHOHDVHVNFDOPRO(T7KXVWKHUHGXFWLRQRI&X,,E\DVFRUEDWHLV
H[SHFWHGWREHWKHUPRG\QDPLFDOO\TXLWHIDYRUDEOH7KLVDJUHHVZLWKWKHH[SHULPHQWDOHYLGHQFHWKDWWKH/302&X,,UHVWLQJVWDWHFDQEH
UHGXFHG WR&X, LQ WKHSUHVHQFHRIDVFRUELFDFLG &RQVLVWHQWO\40000'VLPXODWLRQV VHH)LJXUH6RI/302&X,, LQ WKH
SUHVHQFHRIDQDVFRUEDWHPROHFXOHVKRZWKDWWKHUHLVDRQHHOHFWURQVSLQGHQVLW\ORFDWHGRQWKHDVFRUEDWHPROHFXOH)LJXUH7KLVLQGLFDWHG
WKDWDVFRUEDWHKDVEHHQR[LGL]HGWRDVFRUE\OUDGLFDO$VF+ZKLOH&X,,KDVEHHQUHGXFHGWR&X,DVUHSUHVHQWHGE\(T)RUFRPSDULVRQ
ZHDOVRLQYHVWLJDWHGWKHDOWHUQDWLYHFRQIRUPDWLRQLQZKLFKDVFRUEDWHLVGLUHFWO\FRPSOH[HGZLWK&X,,7KHUHVXOWLQJVSLQGHQVLW\)LJXUH
6VKRZVWKDWLQWKLVFDVH$VF+LVQRWDEOHWRWUDQVIHUDQHOHFWURQWR&X,,7KLVVXJJHVWVWKDWZDWHUPROHFXOHVSOD\LPSRUWDQWUROHVLQ
HOHFWURQWUDQVIHUSUREDEO\VWDELOL]LQJWKHFKDUJHVHSDUDWHGSURGXFWVWDWH

$VF+Hė$VF+ǻ( NFDOPRO  
/302&X,,Hė/302&X,ǻ( NFDOPRO
/302&X,,$VF+ė/302&X,$VF+ 
















)LJXUH6WUXFWXUHRIWKH40UHJLRQDORQJZLWKWKHVSLQGHQVLW\GLVWULEXWLRQ
IURP40000'VLPXODWLRQVVWDUWLQJIURPWKHUHVWLQJVWDWH/302&X,,LQ
WKHSUHVHQFHRIDVFRUEDWH

)RUPDWLRQRI&X,,22+2QFH&X,,KDVEHHQUHGXFHGWR&X,PROHFXODUR[\JHQFDQELQGWRLWLQWKHHTXDWRULDOSRVLWLRQWRIRUPWKH
&X,,2LQWHUPHGLDWHVHFRQGVWHSLQ6FKHPHIRUZKLFKDWULSOHWVSLQVWDWHKDVEHHQGHWHUPLQHG$VGLVFXVVHGDERYHDVFRUEDWHLVD
YHU\JRRGK\GURJHQGRQRUVRLWLVOLNHO\WKDW&X,,2DEVWUDFWVRQH+DWRPIURPDQDVFRUEDWHPROHFXOHWRJHQHUDWH&X,,22+7KH
2+ERQGGLVVRFLDWLRQIUHHHQHUJ\RIDVFRUEDWHKDVEHHQUHSRUWHGWREHaNFDOPROZKLOHWKHFRPSXWDWLRQDOO\FDOFXODWHG&í+ERQG
GLVVRFLDWLRQHQHUJ\LQDSRO\VDFFKDULGHLVRYHUNFDOPRO$VVXFKDEVWUDFWLQJD+DWRPIURPDVFRUEDWHLVFOHDUO\PXFKPRUHIDYRUDEOH
WKDQGRLQJLWIURPWKHSRO\VDFFKDULGHVXEVWUDWH
 )LJXUHDVKRZVWKH4000IUHHHQHUJ\SURILOHFRUUHVSRQGLQJWRWKHDEVWUDFWLRQRIRQH+DWRPIURPDVFRUEDWHE\&X,,27KH
UHDFWLRQLVTXLWHIDFLOHZLWKDIUHHHQHUJ\EDUULHURINFDOPRO)LJXUHD$QDO\VLVRIWKHVSLQGHQVLW\SRSXODWLRQRIWKHDFWLYHVLWHDORQJ
WKHUHDFWLRQ )LJXUHE UHYHDOV WKDW WZRXQSDLUHGHOHFWURQVDUH LQLWLDOO\ ORFDWHGRQ&X,,DQG2 UHVSHFWLYHO\ 5&2QFHDVFRUEDWH
GRQDWHVRQH+DWRPWR&X,,2&X,,22+DQGWKHDQLRQDVFRUE\OUDGLFDO$VFIRUP,&LQ)LJXUHD




)LJXUHD&DOFXODWHGIUHHHQHUJ\SURILOHIRU+$$IURPDVFRUEDWHE\&X,,2VSHFLHVE\4000PHWDG\QDPLFV7KHUHDFWLRQFRRUGLQDWHLVGHILQHGDV
WKHGLVWDQFHEHWZHHQWKH2DWRPRI&X,,2DQGWKH+DWRPRIDVFRUEDWH5& UHDFWDQWFRPSOH[,& LQWHUPHGLDWHFRPSOH[76 WUDQVLWLRQVWDWHE
5HSUHVHQWDWLYHVWUXFWXUHVRIWKH40UHJLRQDORQJWKHUHDFWLRQSDWKZD\6SLQXSLVRGHQVLW\VXUIDFHVDUHSORWWHGLQ\HOORZ


,WFRXOGEHDUJXHGWKDW&X,,2DEVWUDFWVDQ+DWRPIURPWKHQHXWUDODVFRUE\OUDGLFDO$VF+UDWKHUWKDQDVFRUEDWH$VF+OHDGLQJWR
WKHVDPHSURGXFW&X,,22+VSHFLHV2XUVLPXODWLRQVSUHGLFWWKLVWREHDIDFLOHSURFHVVǻ*ۆ NFDOPRO)LJXUH6+RZHYHU$VF+
LVDKLJKHQHUJ\DQGKLJKO\DFLGLFVSHFLHVS.D DQGLWPD\UDSLGO\GLVVRFLDWHLQZDWHUEHIRUHWKH+$$UHDFWLRQ7KXVWKHPRVW
DEXQGDQWDQGVWDEOH$VF+LVPRUHOLNHO\WREHWKHSUHGRPLQDQW+DWRPGRQRUIRU&X,,22+JHQHUDWLRQIRUPLQJDQDVFRUE\OUDGLFDODQLRQ
$VF$VWKHVXEVHTXHQWUHDFWLRQVWHSUHTXLUHVDQDGGLWLRQDO++HDVLQGLFDWHGLQ6FKHPHZHFDQDVVXPHWKDWWKH$VFDQLRQZLOO
H[LWWKHDFWLYHVLWHEHLQJUHSODFHGE\DIUHVKDVFRUEDWHPROHFXOHWKDWFDQDFWDV+DWRPGRQRUDVUHTXLUHGIRUWKHIXUWKHUUHDFWLYLW\RI&X,,
22+

Route I: GLUHFWIRUPDWLRQRI&X,,2IURP&X,,22+
6WDUWLQJIURPWKH/302&X,,22+$VF+FRPSOH[ZHLQYHVWLJDWHGWKHPHFKDQLVPRI&X,,2IRUPDWLRQYLDGLUHFW22FOHDYDJHRI
&X,,22+route ILQ6FKHPH7ZRSRVVLEOHSDWKZD\VFDQEHHQYLVDJHGGHSHQGLQJZKHWKHUWKHSURWRQDQGHOHFWURQUHTXLUHGWRFOHDYH
WKH22ERQGWUDYHOWRJHWKHU+$$RUVHSDUDWHO\3&(77KHVHWZRSDWKZD\VDUHGHSLFWHGLQ6FKHPH$OORXUDWWHPSWVWRDEVWUDFWRQH
K\GURJHQDWRPIURPDVFRUEDWH6FKHPHDFRXSOHGZLWK22ERQGFOHDYDJHUHVXOWHGLQDIUHHHQHUJ\EDUULHURIDWOHDVWNFDOPRO)LJXUH
6LQGLFDWLQJWKDWWKH+$$SDWKZD\LVXQIDYRUDEOH




6FKHPH7ZRSRVVLEOHPHFKDQLVPVIRUWKHGLUHFWIRUPDWLRQRI&X,,2IURP&X,,22+pathway ILQ6FKHPHD+$$PHGLDWHG22KRPRO\VLV
E3&(7PHGLDWHG22KRPRO\VLV

 $OWHUQDWLYHO\SURWRQDWLRQRIWKHGLVWDOR[\JHQE\DQDGGLWLRQDOSURWRQGRQRUFRXOGEHFRXSOHGZLWKWKHWUDQVIHURIRQHHOHFWURQIURP
DVFRUEDWH6FKHPHEWULJJHULQJKHWHURO\WLF22FOHDYDJHDQGIRUPDWLRQRI&X,,27KLVLVDW\SLFDO3&(7SURFHVVDQGUHTXLUHVDQ
DGGLWLRQDOSURWRQGRQRU LQFRQWUDVW WRWKH+$$PHFKDQLVPRI6FKHPHD7KHLGHQWLW\RIWKHSURWRQGRQRULVHOXVLYHIURPDOOSUHYLRXV
VWXGLHV7KHUHIRUH VHYHUDO VSHFLHVZHUH WHVWHG DVSURWRQGRQRUFDQGLGDWH 6FKHPHSURWRQDWHG*OXDK\GURQLXP LRQ +2 DQG
DVFRUELFDFLG+LVZDVQRWFRQVLGHUHGLQYLHZRILWVORZS.DDVGLVFXVVHGODWHURQ1RQHRIWKHVHSURWRQGRQRUVLVOLNHO\WREHVWDEOHRU
WKHGRPLQDWLQJVSHFLHVDWWKHRSWLPDOS+RI/302VHHGLVFXVVLRQLQ6,VHFWLRQ+RZHYHUWKH\PD\EHSUHVHQWLQVPDOODPRXQWVZKLFK
PD\FDWDO\]HWKH3&(7PHGLDWHG22KHWHURO\VLV


6FKHPH7KUHHSRVVLEOHSURWRQGRQRUVWKDWFRXOGEHLQYROYHGLQ&X,,2IRUPDWLRQYLDWKH3&(7PHGLDWHG22KHWHURO\VLVRI&X,,22+DSURWRQDWHG
*OXE+2LRQFDVFRUELFDFLG$VF

 
*OXLVQRWLQGLUHFWFRQWDFWZLWKWKH22+PRLHW\WKXVSURWRQWUDQVIHUYLDLWVFDUER[\OLFDFLGVLGHFKDLQFDQRQO\EHPHGLDWHGE\DZDWHU
PROHFXOH+RZHYHURXUVLPXODWLRQVRI/302&X,,22+ZLWKSURWRQDWHG*OXLQWKHSUHVHQFHRIDVFRUEDWHGLGQRWVKRZDQ\SHUVLV
WHQWZDWHUPROHFXOHEHWZHHQ WKHGLVWDO R[\JHQRI&X,,22+ DQG*OX WKDW FRXOGSOD\ WKLV UROH )LJXUH67KXV*OXFDQEH
H[FOXGHGDVDSRWHQWLDOSURWRQGRQRU/LNHZLVHVLPXODWLRQVFRQVLGHULQJ+2DVSURWRQGRQRU6FKHPHEVKRZHGWKDWLWUDSLGO\GRQDWHV
RQHSURWRQWRDVFRUEDWHLQaIVVHH)LJXUHV6OHDGLQJWRWKHPRUHVWDEOHDVFRUELFDFLGVSHFLHV7KXVWKHRQO\SRVVLELOLW\OHIWLVWKDW
3&(7IURPDVFRUELFDFLGFRXOGFDWDO\]HWKHKHWHURO\WLFFOHDYDJHRIWKH22ERQG4000PHWDG\QDPLFVVLPXODWLRQVGHVLJQHGWRGULYH
WKHV\VWHPIURP&X,,22+WR&X,,2)LJXUHVKRZHGWKDWRQFHWKH22ERQGEUHDNVQRWRQO\WKHGLVWDOR[\JHQ2UHFHLYHVD
SURWRQIURPDVFRUELFDFLGYLDWKHDFWLYHVLWHZDWHUPROHFXOHEXWDOVRWKHSUR[LPDOR[\JHQVSRQWDQHRXVO\DEVWUDFWVDK\GURJHQDWRP+$$
IURPLWVFORVHVWDVFRUELFDFLGK\GUR[\OJURXSIRUPLQJ&X,,2+DQGGHK\GURDVFRUEDWHVHH)LJXUH,QDGGLWLRQWKHUHDFWLRQUHTXLUHVD
KLJKIUHHHQHUJ\EDUULHUNFDOPROLQGLFDWLQJWKHDVFRUELFDFLGPHGLDWHG22FOHDYDJHRI&X,,22+route ILQ6FKHPHLVXQID
YRUDEOH



 ,WVKRXOGEHQRWHGWKDWWKHIHDVLELOLW\RI&X,,22+XQGHUJRLQJ3&(7GHSHQGVRQWKUHHPDLQIDFWRUVFOHDYDJHRI22ERQGSURWRQ
WUDQVIHUWRWKHGLVWDO2DQGHOHFWURQWUDQVIHUIURPDVFRUEDWHWR&X,,22+$PRQJWKHVHIDFWRUVWKHILUVWWZRDUHLQWULQVLFWR/302
ZKLOH WKH WKLUGGHSHQGVRQ WKHHOHFWURQGRQRUHIILFLHQF\RI WKH UHGXFWDQW(YHQ WKRXJKDVFRUELF DFLG LVRQHRI WKHPRVW HIILFLHQW VPDOO
PROHFXOHHOHFWURQGRQRUVLWLVQRWDEOHWRWULJJHUWKH3&(7PHGLDWHG22KHWHURO\VLVRI&X,,22+DVGHPRQVWUDWHGLQWKLVVWXG\7KXV
LWLVQRWH[SHFWHGWKDWRWKHUVPDOOPROHFXOHUHGXFWDQWVFRXOGEHFRPSHWHQWLQ/302FDWDO\VLV+RZHYHURXUZRUNGRHVQRWVSHDNWRKRZ
HQ]\PDWLFHOHFWURQGRQRUVOLNHFHOORELRVHGHK\GURJHQDVH&'+ZRUNLQ/302,IVRPH³DFWLYH´XQSDLUHGHOHFWURQVFDQEHJHQHUDWHG
RUUHVHUYHGIRU/302VGXULQJWKHDFWLRQRI&'+WKHHOHFWURQGRQRUHIILFLHQF\PLJKWEHHQKDQFHGZKLFKPD\UHGXFHWKHHQHUJ\EDUULHUIRU
3&(7
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


)LJXUHD)UHHHQHUJ\SURILOHIRU3&(7PHGLDWHG22KHWHURO\VLVYLDDVFRUELFDFLGREWDLQHGIURP4000PHWDG\QDPLFV7KHUHDFWLRQFRRUGLQDWHZDV
GHILQHGDVWKHGLVWDQFHGLIIHUHQFHEHWZHHQ2DQGZDWHU+GDQGWKDWEHWZHHQ2WR2G5& UHDFWDQWFRPSOH[76 WUDQVLWLRQVWDWH3& SURGXFW
FRPSOH[E5HSUHVHQWDWLYHVWUXFWXUHVRIWKH40UHJLRQDORQJWKHUHDFWLRQSDWKZD\6SLQXSDQGVSLQGRZQLVRGHQVLW\VXUIDFHVDUHSORWWHGLQ\HOORZDQGUHG
UHVSHFWLYHO\$WWKHWUDQVLWLRQVWDWH76DZDWHUPROHFXOHIRUPVDQGRQHHOHFWURQVSLQGHQVLW\HYROYHVRQWKHDVFRUELFDFLGPROHFXOH1HYHUWKHOHVVWKHVR
IRUPHG/302&X,,2$VF+FRPSOH[LVTXLWHXQVWDEOHDQG&X,,2IXUWKHUDEVWUDFWVDK\GURJHQDWRPIURP$VF+OHDGLQJWRWKHPRUHVWDEOH/302
&X,,2+GHK\GURDVFRUEDWHSURGXFWFRPSOH[3&

Route II:LQGLUHFWIRUPDWLRQRI&X,,2IURP&X,,22+YLDWKH&X,+2LQWHUPHGLDWH
,QWKHDERYHVHFWLRQZHUXOHGRXWDOOWKHSRVVLEOHSDWKZD\VOHDGLQJWR&X,,2YLDWKHGLUHFW22FOHDYDJHRI&X,,22+route ILQ
6FKHPH+HUHZHDGGUHVVWKHUHDFWLYLW\RI&X,,22+WRZDUG+2IRUPDWLRQroute II)RUWKLVWRKDSSHQLW LVQHFHVVDU\WKDWWKH
SUR[LPDO2RI&X,,22+UHFHLYHVDSURWRQRUDK\GURJHQDWRP7ZRSDWKZD\VFDQEHHQYLVDJHGGHSHQGLQJZKHWKHUSURWRQWUDQVIHU
37RUK\GURJHQDWRPDEVWUDFWLRQ+$$WDNHSODFH6FKHPH3URWRQDWLRQRIWKHSUR[LPDO2RI&X,,22+OHDGVWRWKHIRUPDWLRQRI
+2 DQG&X,, 6FKHPHD$OWHUQDWLYHO\ WKHSUR[LPDO2RI&X,,22+PD\DEVWUDFWDK\GURJHQDWRPIURPDVFRUEDWHRU7\U
IRUPLQJ+2DQG&X,6FKHPHEF





6FKHPH7KUHHSRVVLEOHPHFKDQLVWLFSDWKZD\VIRU+2IRUPDWLRQIURP&X,,22+VSHFLHVD+2IRUPDWLRQYLDWKHSURWRQWUDQVIHUWRSUR[LPDO2RI
&X,,22+E+2IRUPDWLRQYLD+$$IURPDVFRUEDWHE\WKHSUR[LPDO2RI&X,,22+F+2 IRUPDWLRQYLD+$$IURP7\UUHVLGXHE\WKH
SUR[LPDO2RI&X,,22+

 3URWRQDWLRQRI WKHSUR[LPDO2RI&X,,22+ 6FKHPHDUHTXLUHVDQDSSURSULDWHSURWRQGRQRU LQWKHDFWLYHVLWH ORFDWHGQHDU WKH
SUR[LPDOR[\JHQDWRP7KHRQO\UHVLGXHWKDWFDQSOD\WKLVUROHLV+LVZKLFKLVDWacIURP&XLQWKHFU\VWDOVWUXFWXUH7KLVVHFRQG
VSKHUHUHVLGXHKDVEHHQVXJJHVWHGDVSRVVLEOHSURWRQGRQRULQDUHFHQWH[SHULPHQWDOVWXG\+RZHYHUWKHFDOFXODWHGS.DRI+LVLVa
VHH6,WKXVLWLVH[SHFWHGWREHLQLWVQHXWUDOIRUPDWWKHRSWLPDOS+RIaIRU/302ZKLFKLVFRQVLVWHQWZLWKRXUSUHYLRXVVWXG\
7KHORFDO+ERQGQHWZRUNRI+LVLVDOVRFRQVLVWHQWZLWKLWEHLQJVLQJO\SURWRQDWHGDW1ɸ,QIDFW4000PHWDG\QDPLFVVLPXODWLRQV
VWDUWLQJZLWKGRXEO\SURWRQDWHG+LVVKRZWKDWVXFKUHDFWLRQGRHVQRWOHDGWRDVWDEOHSURGXFW)LJXUH6UXOLQJRXW+2IRUPDWLRQYLD
WKHSURWRQWUDQVIHUSDWKZD\RI6FKHPHD&RQVLGHULQJWKDWWKHFDOFXODWHGS.DRI+LVLVYHU\ORZaLWLVQRWH[SHFWHGWKDWRWKHU
UHVLGXHVZRXOGEHDEOHWRPHGLDWHWKH+2IRUPDWLRQYLDWKHSURWRQWUDQVIHURI6FKHPHD
 7KHVHFRQGPHFKDQLVWLFSRVVLELOLW\LVWKDW&X,,22+DEVWUDFWVDK\GURJHQDWRPIURPDVFRUEDWHRU7\UIRUPLQJ+2DQG&X,
6FKHPHEDQGF6LQFHDVFRUEDWHLVERWKWKHGRPLQDQWVSHFLHVDQGWKHHIILFLHQW+DWRPGRQRUWKLVUHDFWLRQLVH[SHFWHGWREHIHDVLEOH
)LJXUHVKRZVWKHFRPSXWHGIUHHHQHUJ\SURILOHDORQJZLWKUHSUHVHQWDWLYHVWUXFWXUHVRIWKHDFWLYHVLWHDORQJWKHUHDFWLRQSDWKZD\7KHUHLV
DVLJQLILFDQWDPRXQWRIVSLQGHQVLW\LVORFDWHGRQWKHSUR[LPDO2RI&X,,22+DWWKHUHDFWDQWVVWDWH5&VXJJHVWLQJWKLVVLWHPD\EH
HIILFLHQWIRUWKH+$$UHDFWLRQ)LJXUHE,QIDFW+$$IURPDVFRUEDWHE\WKHSUR[LPDO2RI&X,,22+LQYROYHVDPRGHUDWHEDUULHURI
aNFDOPRO)LJXUHDOHDGLQJWRWKHIRUPDWLRQRI+2DQGDQDQLRQDVFRUE\OUDGLFDO$VF7KHIRUPDWLRQRI$VFLVFRQILUPHGE\
DQDO\VLVRI WKH VSLQGHQVLW\ 3&9HU\ UHFHQWO\4000FDOFXODWLRQVZHUHSHUIRUPHG WR LQYHVWLJDWH WKH WKHUPRG\QDPLFVRI+2
JHQHUDWLRQ,QSDUWLFXODULWZDVIRXQGWKDW+2JHQHUDWLRQRQ/302&X,FRPSXWHGDFFRUGLQJWRWKHHTXDWLRQ2+Hė+2
LVWKHUPRG\QDPLFDOO\IDYRUDEOHZKLFKLVFRQVLVWHQWZLWKRXU40000'PHWDG\QDPLFVUHVXOWV
 :HDOVRFRQVLGHUHG+2IRUPDWLRQYLD+$$IURP7\UE\WKHSUR[LPDO2RI&X,,22+6FKHPHF+RZHYHUWKHFDOFXODWHGIUHH
HQHUJ\EDUULHUWXUQHGRXWWREHTXLWHKLJKNFDOPROVHH)LJXUH6WKHUHVXOWLQJ+2SURGXFWFRPSOH[LVTXLWHXQVWDEOHNFDOPRO
UHODWLYHWRWKHLQLWLDOUHDFWDQWDQGWKHUHDFWLRQOHDGVWRD7\UDQLRQLQVWHDGRIWKHLQLWLDOO\DVVXPHG7\UUDGLFDO&OHDUO\7\ULVQRWHIILFLHQW
DWPHGLDWLQJWKH+2IRUPDWLRQIURP&X,,22+VSHFLHV
 7KHUHIRUHDWKRURXJKDQDO\VLVRIDOOSRVVLEOHUHDFWLRQSDWKZD\V OHDGVWRWKHFRQFOXVLRQWKDW the most likely reaction pathway from the 
Cu(II)-OOH- intermediate is that in which its proximal oxygen atom abstracts a hydrogen atom from ascorbate, leading to H2O2 and Cu(I) 
(route II in Scheme 1). $IWHUZDUGVWKH&X,FDWDO\]HG22KRPRO\VLVRI+2OHDGVWRWKHIRUPDWLRQRI&X,,2DVGHPRQVWUDWHGLQRXU
SUHYLRXVZRUN,QDGGLWLRQWRDVFRUEDWHZHVSHFXODWHWKDWRWKHUUHGXFLQJDJHQWVFRQWDLQLQJDUHGR[DFWLYHK\GUR[\OJURXSPD\DFWLYDWH
WKH/302ZLWKVLPLODUPHFKDQLVPWRWKHRQHGHPRQVWUDWHGKHUHLQ7KXVRXUILQGLQJVPD\DOVRH[SODLQWKHUHDFWLYLW\RIRWKHUUHGXFLQJFR
VXEVWUDWHVXVHGLQ/302FDWDO\VLVVXFKDVJDOODWH
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
)LJXUHD)RUPDWLRQRI+2YLD+$$IURPDVFRUEDWHE\WKHSUR[LPDO2RI&X,,22+FRPSXWHGIURP4000PHWDG\QDPLFV7KHUHDFWLRQFRRUGLQDWH
LVGHILQHGDVWKHGLVWDQFHGLIIHUHQFHEHWZHHQGEHWZHHQ&XDQG2RIZDWHUDQGGGLVWDQFHEHWZHHQ2DQG+RIDVFRUEDWH5& UHDFWDQWFRPSOH[76
 WUDQVLWLRQVWDWH3& SURGXFWFRPSOH[E5HSUHVHQWDWLYHVWUXFWXUHVRIWKH40UHJLRQDORQJWKHUHDFWLRQSDWKZD\6SLQXSLVRGHQVLW\VXUIDFHVDUHSORWWHG
LQ\HOORZ

,VWKHIRUPDWLRQRI&X,,2FDWDO\]HGE\+LV"
 'XULQJWKHZULWLQJRI WKLVPDQXVFULSWD4000VWXG\LQ WKHDEVHQFHRIUHGXFWDQWDSSHDUHG LQZKLFKWKHDXWKRUVVXJJHVW WKDW2
DFWLYDWLRQDQG&X,,2IRUPDWLRQLVFDWDO\]HGE\WKHSURWRQDWHG+LVDVWKHSURWRQGRQRUDVVKRZQLQ6FKHPH,QWKLVPHFKDQLVP
WKHSURWRQDWLRQRI&X,,2ILUVWOHDGVWR&X,,DQGD+22UDGLFDODIROORZHGE\RQHHOHFWURQUHGXFWLRQWRIRUP&X,,22+LQD
VHFRQGSURWRQDWLRQURXQGIURP+LVE6XEVHTXHQWO\SURWRQWUDQVIHUIURP+LVWRWKHGLVWDO2RI&X,,22+WULJJHUVWKHKHWHURO\WLF
22FOHDYDJHRI&X,,22+OHDGLQJWR&X,,,2D$VXEVHTXHQWRQHHOHFWURQUHGXFWLRQJHQHUDWHVWKH&X,,2UHDFWLYHVSHFLHV
E
 ,QSULQFLSOHWKHJHQHUDWLRQRIDKLJKHQHUJ\&X,,,SURGXFWLVH[SHFWHGWREHDQXQIDYRUDEOHSURFHVV+RZHYHUDORZEDUULHURIa
NFDOPROZDVUHSRUWHGIRUWKHSURWRQPHGLDWHG22FOHDYDJHVWHSEėDLQ6FKHPH+HUHLQZHUHYLVLWHGWKLVNH\VWHSXVLQJWKHPRUH
DGYDQFHGab initio40000'VLPXODWLRQV)LJXUHDVKRZVWKHFRPSXWHGIUHHHQHUJ\SURILOHIRUWKH+LVFDWDO\]HG22KHWHURO\VLV
RI&X,,22+ZKLOH)LJXUHEVKRZVWKHUHSUHVHQWDWLYHVWUXFWXUHVRIWKH40UHJLRQDORQJWKHUHDFWLRQSDWKZD\,WFDQEHVHHQWKDW2
2 ERQG FOHDYDJH FRXSOHG ZLWK SURWRQ WUDQVIHU IURP +LV WR 2 LV KLJKO\ XQIDYRUDEOH LQYROYLQJ DQ HQHUJ\ EDUULHU !  NFDOPRO
0RUHRYHUWKHVRIRUPHG³&X,,,2´SURGXFWLVDKLJKO\XQVWDEOHVSHFLHVFRUUHVSRQGLQJWRDYHU\VKDOORZPLQLPXPRQWKHIUHHHQHUJ\
SURILOH&ORVHLQVSHFWLRQRIWKHVSLQGHQVLW\SRSXODWLRQLQ3&UHYHDOVWKHSUHFLVHHOHFWURQLFVWDWHRI3&7KHVSLQGRZQXQSDLUHGHOHFWURQ
UHGLVRGHQVLW\LVORFDWHGPRVWO\RQ&XĻDUJXLQJIRUDIRUPDO&X,,R[LGDWLRQVWDWH)RUWKHWZRVSLQXSXQSDLUHGHOHFWURQV\HOORZ
LVRGHQVLW\RQHLVORFDWHGRQ2DWRPĹZKLOHWKHRWKHULVKLJKO\GHORFDOL]HGRYHU+LF7\UDQG*OQĹ$VVXFKWKHVRIRUPHG
³&X,,,2´SURGXFWLVEHWWHUGHVFULEHGDV>+LF7\U*OQ@&X,,27KHUHIRUHWKH&X,,,SURGXFWLVTXLWHXQVWDEOHDQGDEVWUDFWV
DQ HOHFWURQ IURP WKH VXUURXQGLQJ UHVLGXHV R[LGL]LQJ WKH HQ]\PH2YHUDOO RXU FDOFXODWLRQV GRQRW VXSSRUW WKHSURWRQ WUDQVIHUPHGLDWHG
KHWHURO\WLFFOHDYDJHRI&X,,22+WRZDUG&X,,2IRUPDWLRQDVLWLVNLQHWLFDOO\KLJKO\XQIDYRUDEOHDQGZRXOGOHDGWRWKHR[LGDWLRQRI
WKHHQ]\PH

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6FKHPH3URSRVHGPHFKDQLVPVIRU2DFWLYDWLRQE\/302IURP5HI
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
)LJXUHD)UHHHQHUJ\SURILOHIRU+LVFDWDO\]HG22KHWHURO\VLVRI&X,,22+REWDLQHGIURP4000PHWDG\QDPLFV7KHUHDFWLRQFRRUGLQDWHLV
GHILQHGDVWKHGLVWDQFHGLIIHUHQFHEHWZHHQGEHWZHHQ2DQG+RI+LVDQGGEHWZHHQ2WR25& UHDFWDQWFRPSOH[3& SURGXFWFRPSOH[E
7KH UHSUHVHQWDWLYH VWUXFWXUHV RI WKH 40 UHJLRQ DORQJ WKH UHDFWLRQ SDWKZD\ 6SLQXS DQG VSLQGRZQ LVRGHQVLW\ VXUIDFHV DUH SORWWHG LQ \HOORZ DQG UHG
UHVSHFWLYHO\

5HDFWLYLW\RI/302&X,,22+vs+HPH)H,,,22+,WLVLQWHUHVWLQJWRFRPSDUHWKHUHDFWLYLW\RIWKH&X,,22+LQWHUPHGLDWHLQ
/302 ZLWK WKDW RI KHPH HQ]\PHV +HPH HQ]\PHV LQFOXGLQJ 3 DQG KHPH SHUR[LGDVHV HPSOR\ D ZHOOHVWDEOLVKHG 3&(7
PHFKDQLVP WR JHQHUDWH )H,9±R[R SRUSK\ULQ ʌFDWLRQ UDGLFDO DFWLYH VSHFLHV >3RUSKƔ)H,9 2@ GHQRWHG DV FRPSRXQG , IURP IHUULF
K\GURSHUR[LGHVSHFLHV>3RUSK)H,,,22+@:K\LVWKH&X,,22+VSHFLHVLQ/302QRWDEOHWRXQGHUJRDVLPLODU3&(7PHGLDWHG22
KHWHURO\VLV"
 $VGLVFXVHGDERYHWKHRFFXUUHQFHRIWKH3&(7PHFKDQLVPGHSHQGVRQWKUHHIDFWRUV22ERQGVWUHQJWKWKHHIILFLHQF\RISURWRQWUDQVIHU
DQGWKHHIILFLHQF\RIHOHFWURQWUDQVIHU:LWKUHVSHFWWRSURWRQWUDQVIHUDOOWKHVHHQ]\PHVDUHVLPLODUFRPPRQO\XVLQJDSURWRQDWHGWLWUDWDEOH
UHVLGXH+LV*OX$VSDVSURWRQGRQRU&RQFHUQLQJ22ERQGVWUHQJWKZHSUHGLFWHGD22ERQGGLVVRFLDWLRQHQHUJ\%'(RIaNFDOPRO
IRU/302&X,,22+DQGaNFDOPROIRU3)H,,,22+UHVSHFWLYHO\VHH)LJXUH6&OHDUO\WKH22ERQGLQ/302&X,,
22+LVPXFKVWURQJHUWKDQWKDWLQ3)H,,,22+&RQVLGHULQJHOHFWURQWUDQVIHUHIILFLHQF\LWLVNQRZQWKDWKHPH3RUSHUR[LGDVHV
XWLOL]HV WKHSRUSK\ULQDV WKHHOHFWURQGRQRU VR WKHSURFHVV LVGHVFULEHGDV LQWUDPROHFXODUHOHFWURQ WUDQVIHU%\FRQWUDVW/302
UHTXLUHVDQ H[WHUQDO HOHFWURQGRQRU VXFKDVVPDOOPROHFXOH UHGXFWDQWVRU&'+ZKLFKDUH IHDWXUHGDV LQWHUPROHFXODU HOHFWURQ WUDQVIHU
6FKHPH7KHNLQHWLFVRIHOHFWURQWUDQVIHUDUHKLJKO\GHSHQGHQWRQWKHFRXSOLQJRIWKHHOHFWURQGRQRUVWDWHDQGHOHFWURQDFFHSWRUVWDWH
DQGLWLVH[SHFWHGWKDWWKHHOHFWURQLFFRXSOLQJLVPXFKVWURQJHUIRULQWUDPROHFXODUHOHFWURQWUDQVIHUWKDQIRULQWHUPROHFXODUHOHFWURQWUDQVIHU
7KLVH[SODLQVZK\/302&X,,22+LVOHVVHIILFLHQWIRU3&(7PHGLDWHG22KHWHURO\VLVWKDQ3)H,,,22+
 $OKRXJKWKH/302&X,,22+LVWRRVWDEOHIRU22FOHDYDJHUHDFWLRQVHLWKHUKRPRO\VLVRUKHWHURO\VLVWKHXQLTXHUDGLFDOFKDUDFWHU
RQ LWV SUR[LPDO 2 DWRP RSHQV XS UHDFWLRQ DYHQXHV WRZDUG +$$ UHDFWLRQV $VGHPRQVWUDWHG KHUH WKH SUR[LPDO 2 RI &X,,22+ FDQ
HIILFLHQWO\DEVWUDFWDK\GURJHQDWRPIURPDVFRUEDWHOHDGLQJWRWKHIRUPDWLRQRI+2DQG&X,6LPLODUO\&X,,22+FRXOGXQGHUJR
+$$IURPDFWLYH+DWRPVRIELRPDVVFRPSRQHQWVVXFKDVOLJQLQWRDFWLYDWH/302,QIDFWDERRVWLQJHIIHFWRIOLJQLQRQWKHSHUIRUPDQFH
RI/302KDVEHHQREVHUYHGE\H[SHULPHQW





6FKHPH&RPSDULVRQEHWZHHQWKH3&(7PHGLDWHG&X,,2IRUPDWLRQLQ/302DDQG3&(7PHGLDWHG&SG,IRUPDWLRQLQ3E%RQGGLVVRFLDWLRQ
HQHUJLHV%'(RI22DUHLQNFDOPRO/302LVIHDWXUHGDVLQWHUPROHFXODUHOHFWURQWUDQVIHUZKLOH3LVIHDWXUHGDVLQWUDPROHFXODUHOHFWURQWUDQVIHU

3URSRVHGFDWDO\WLFF\FOHRI/302%DVHGRQRXUSUHVHQWILQGLQJVZHQRZSURSRVHDFDWDO\WLFF\FOHRI/302LQWKHSUHVHQFHRIDVFRUEDWH
UHGXFWDQW6FKHPH7KLVFDWDO\WLFF\FOHLVFRQVLVWHQWZLWKH[SHULPHQWDOGDWDDQGIXUWKHUPRUHSURYLGHVDQH[SODQDWLRQIRUWKHHQLJPDWLF
VXEVWUDWHGHSHQGHQFH RI /302 UHDFWLYLW\ DQG K\GURJHQ SHUR[LGH IRUPDWLRQ WKDW LV REVHUYHG LQ WKH DEVHQFH RI VXEVWUDWH 2XU SURSRVDO
DVVXPHVWKDWWKHDVVRFLDWLRQRI/302ZLWKVXEVWUDWHGXULQJWKHUHDFWLRQF\FOHLVG\QDPLFDWDOOVWDJHVRIWKHUHDFWLRQF\FOHDOORZLQJDFFHVV
RI ERWK 2 DQG UHGXFLQJ DJHQW WR WKH DFWLYH VLWH ZKHQ WKH VXEVWUDWH LV XQERXQG 6XFK G\QDPLF SURFHVVHV KDYH EHHQ H[SHULPHQWDOO\
GHPRQVWUDWHGIRU/302VXEVWUDWHUHGXFLQJDJHQWLQWHUDFWLRQV
6WDUWLQJIURPWKHUHVWLQJVWDWHRI/302&X,,XQGHUJRHVWKHRQHHOHFWURQUHGXFWLRQWR&X,E\DVFRUEDWH7KLVLVIROORZHGE\UDSLG2
ELQGLQJ WR JHQHUDWH WKH /302&X,,2 VSHFLHV $IWHUZDUGV /302&X,,2 DEVWUDFWV D K\GURJHQ DWRP +$$ IURP DVFRUEDWH WR
JHQHUDWH/302&X,,22+6WDUWLQJIURP WKLVVSHFLHVRXUFDOFXODWLRQVXQFRYHUHGDQDFFHVVLEOHSDWKZD\LQZKLFK WKHSUR[LPDO2RI
&X,,22+DEVWUDFWVDK\GURJHQDWRPIURPDQRWKHUDVFRUEDWHOHDGLQJWRWKHIRUPDWLRQRI+2DQG&X,7RFKHFNZKHWKHUWKHERXQG
VXEVWUDWHFRXOGLQWHUIHUHZLWK+2JHQHUDWLRQYLD+$$IURPDVFRUEDWH40000'VLPXODWLRQVZHUHSHUIRUPHGRQWKH&X,,22+
VSHFLHV LQ WKHSUHVHQFHRIERWK DVFRUEDWHDQG WKHSRO\VDFFKDULGHVXEVWUDWH7KHVLPXODWLRQV LQGLFDWH WKDW DVFRUEDWHYLD LWV UHGR[DFWLYH
K\GUR[\OJURXSKDVVWURQJWHQGHQF\WRIRUPDK\GURJHQERQGZLWKWKHSUR[LPDO2RI&X22+6HH)LJXUHVDQG)LJXUH67KLVVXJJHVWV
WKDW WKHELQGLQJRI WKHSRO\VDFFKDULGHVXEVWUDWHZRXOGKDYHPLQRUHIIHFWVRQ+2IRUPDWLRQYLD+$$ IURPDVFRUEDWH7KHVRIRUPHG
&X,+2LQWHUPHGLDWHZLOOHLWKHUWKHQFRQYHUWWR/302&X,,2YLDWKHKRPRO\VLV+$$PHFKDQLVPRUORVH+2LQWKHXQFRXSOLQJ
SDWKZD\VHH6FKHPH7KHEDODQFHRIWKHVHWZRSDWKZD\VGHSHQGVFULWLFDOO\RQWKHDIILQLW\RIWKH/302IRUWKHVXEVWUDWH


6FKHPH)XOOFDWDO\WLFF\FOHRI/302LQWKHSUHVHQFHRIDVFRUELFDFLGSURSRVHGLQWKLVZRUN

7KHFRPSHWLWLRQRIWKHVHWZRSDWKZD\VFRXSOLQJvsXQFRXSOLQJDOVRGHSHQGVRQWKHUHVLGHQFHWLPHRI+2LQWKHDFWLYHVLWHRI/302
&X,$FFRUGLQJWRRXUSUHYLRXVVWXG\ WKH+2FRVXEVWUDWHLVERXQGWRWKHDFWLYHVLWHRI/302&X,0RUHRYHU WKHDFWLYHVLWHRI
/302LVH[SRVHGWREXONZDWHU,QVXFKFDVHWKHELQGLQJRIWKHVXEVWUDWHSOD\VDNH\UROHLQVWDELOL]LQJ+2LQWKHDFWLYHVLWHRI/302



&X,,IDSRO\VDFFKDULGHVXEVWUDWHLVSURSHUO\ERXQGRQWKHHQ]\PHVXUIDFH+2ZLOOEHEDUULFDGHGE\WKHVXEVWUDWHDQGLWVGLIIXVLRQWR
WKH EXON ZDWHU ZLOO EH SUHYHQWHG ,Q VXFK FDVHV WKH +2 PROHFXOH FDQ EH HIILFLHQWO\ DFWLYDWHG E\ /302&X, YLD D ORZEDUULHU
KRPRO\VLV+$$ PHFKDQLVP DV SUHYLRXVO\ GHPRVWUDWHG OHDGLQJ WR WKH /302&X,,2 DFWLYH VSHFLHV ZKLFK LQ WXUQ R[LGL]HV WKH
VXEVWUDWH7KLVLVWKHSURGXFWLYHSDWKZD\WKXVLWFDQEHFDOOHG³FRXSOLQJ´SDWKZD\+RZHYHULQVXEVWUDWHIUHH/302RUZKHQVXEWUDWH
ELQGLQJLVQRWHIIHFWLYHHQRXJKWKHK\GURSKLOLF+2PROHFXOHPD\GLIIXVHLQWRWKHEXONZDWHUXQFRXSOLQJSDWKZD\LQ6FKHPH7KLVLV
LQDJUHHPHQWZLWKWKHH[SHULPHQWDOILQGLQJVWKDWD³VXLWDEOH´VXEVWUDWHFRXOGLQKLELW+2JHQHUDWLRQDQGOHDGWRDFRXSOLQJUHDFWLRQZKLOH
DQ³XQVXLWDEOH´VXEVWUDWHZKLFKLVHLWKHUWRRVPDOORUQRWILWIRUWKHDFWLYHVWLWHRI/302PD\FRPSOHWHO\OHDGWRDQXQFRXSOLQJUHDFWLRQ
+2JHQHUDWLRQ,QWHUHVWLQJO\VXFKVXEVWUDWHGHSHQGHQWUHDFWLYLW\RI+2LQ/302LVTXLWHVLPLODUWRWKDWRI3KHPHHQ]\PHVDV
SUHYLRXVO\GHPRQVWUDWHG
 7KHVXEVWUDWHGHSHQGHQWUHDFWLYLW\RI+2GHVFULEHGDERYHLVFRQVLVWHQWZLWKRXUSUHVHQWDQGSDVWFRPSXWDWLRQDOUHVXOWV2XUSUHYLRXV
4000RSWLPL]HGVWUXFWXUHRI/302&X,+2VKRZHGWKDW+2 UHPDLQVDWDGLVWDQFHRIcZLWK&X,LQ WKHSUHVHQFHRI WKH
SRO\VDFFKDULGHVXEVWUDWH:HDOVRIRXQGWKDWWKHVWDELOL]DWLRQDQGUHRULHQWDWLRQRI+2 LQWKHDFWLYHVLWHLVPDLQO\FRQWUROOHGE\VHFRQG
VSKHUHUHVLGXHVVXFKDV+LV+LV*OQ*OXDQGWKHVXEVWUDWH,QSDUWLFXODUWKHELQGLQJRIWKHVXEVWUDWHWHQGVWREORFN+2
SUHYHQWLQJLWVGLIIXVLRQIURPWKHDFWLYHVLWHLQWRWKHEXONZDWHU,QFRQWUDVWZKHQWKHSRO\VDFFKDULGHVXEVWUDWHLVQRWSUHVHQW)LJXUHDWKH
VRJHQHUDWHG+2SURGXFW3&UHPDLQVDWDPXFKORQJHUGLVWDQFHacDZD\IURPWKH&X,FHQWUHVXJJHVWLQJWKDWLWFRXOGHVFDSH
WKHDFWLYHVLWH
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

















)LJXUH  6WUXFWXUH RI WKH /302&X,,22+ LQWHUPHGLDWH LQ WKH SUHVHQFH RI DVFRUEDWH DQG WKH SRO\VDFFKDULGH VXEVWUDWH REWDLQHG IURP 4000 0'
VLPXODWLRQV

 7RIXUWKHUUHYHDOWKHG\QDPLFPRYHPHQWRI+2LQWKHDEVHQFHRIVXEVWUDWH40000'VLPXODWLRQVZHUHSHUIRUPHGRQ3&,WZDV
IRXQGWKDW+2PRYHVDZD\IURP&X,ZKLOHDQHDUE\ZDWHU:DWLQ)LJXUHSHQHWUDWHVLQWRWKHDFWLYHVLWHVLPXWDQHRXVO\)LQDOO\WKLV
ZDWHUPROHFXOHELQGVHTXDWRULDOO\WR&X,ZKLOH+2UHPDLQVVHSDUDWHGIURP&X,E\WZRZDWHUPROHFXOHV:DWDQG:DW7KXVWKH
³LQVLWX´JHQHUDWHG+2PROHFXOHWHQGVWRGLIIXVHLQWRWKHEXONZDWHULQWKHDEVHQFHRIVXEVWUDWHZKLFKLVTXLWHIDFLOHDVSUHGLFWHGE\RXU
40000'VLPXODWLRQV,QVXPPD\WKHSRO\VDFFKDULGHVXEVWUDWHQRWRQO\EDUULFDGHVWKH+2PROHFXOHEXWDOVRSUHYHQWVWKHHQWU\RI
EXONZDWHUPROHFXOHVLQWRWKHDFWLYHVLWH$VFRQVTXHQFHWKH³LQVLWX´JHQHUDWHG+2FDQIXUWKHUUHDFWZLWK&X,WRIRUPWKH&X,,2
DFWLYHVSHFLHVYLDWKH³FRXSOLQJ´SDWKZD\LQ6FKHPH
2XU ZRUN DQG WKDW RI RWKHUV VXJJHVW WKDW LQ RUGHU WR XQGHUVWDQG DQG WKHQ WR GHYHORS +2GHSHQGHQW /302V WRZDUG SUDFWLFDO
DSSOLFDWLRQVRQHQHHGVWRFRQVLGHUERWKWKHVXEVWUDWHDIILQLW\WRWKHDFWLYHVLWHDQGWKHSRVVLEOH+ERQGLQJLQWHUDFWLRQVEHWZHHQ+2DQG
LWVVXUURXQGLQJUHVLGXHV,QSDWLFXODUK\GURSKLOLFUHVLGXHVHJ*OX$VS+LV*OQRU$VQLQWKHDFWLYHVLWHRUORFDWHGRQWKHHQ]\PHVXUIDFH
ZRXOGIDYRUERWK+2FRVXEVWUDWHDQGSRO\VDFFKDULGHVXEVWUDWHELQGLQJWKXVPD\OHDGWRHIILFLHQW+2DFWLYDWLRQ,WLVDOVRFRQFHLYDEOH
WKDWGLIIHUHQW/302VPD\H[KLELWGLIIHUHQWSURSHQVLWLHVLQWKLVUHJDUG


)LJXUH  0RYHPHQW RI WKH +2 PROHFXOH LQ WKH /302 DFWLYH VLWH LQ WKH DEVHQFH RI WKH SRO\VDFFKDULGH VXEVWUDWH IURP 4000 0' VLPXODWLRQ
5HSUHVHQWDWLYHVWUXFWXUHVH[WUDFWHGIURPWKHVLPXODWLRQV3&VWDWH

&21&/86,216
8VLQJ40%/<300PHWDG\QDPLFVVLPXODWLRQVZHKDYHXQFRYHUHGWKHR[\JHQDFWLYDWLRQDQG+2IRUPDWLRQPHFKDQLVPVLQ/302V
LQWKHSUHVHQFHRIUHGXFWDQWDVFRUELFDFLG2XUVLPXODWLRQVGHPRQVWUDWHWKHUHVWVWDWH&X,,FDQEHUHGXFHGWR&X,LQVWDQWDQHRXVO\LQWKH



SUHVHQFHRIDVFRUEDWH7KLVLVIROORZHGE\2ELQGLQJWRJHQHUDWHWKH/302&X,,2VSHFLHVZKLFKWKHQSHUIRUPDIDFLOHK\GURJHQDWRP
DEVWUDFWLRQ+$$IURPDVFRUEDWHWRJHQHUDWH/302&X,,22+$VWKH2+ERQGRIDVFRUEDWHLVPXFKZHDNHUWKDQWKH&í+ERQGRI
SRO\VDFFKDULGH+$$IURPDVFRUEDWHLVPXFKPRUHIDYRUDEOHWKDQWKDWIURPWKHSRO\VDFFKDULGHVXEVWUDWH$IWHUZDUGVZHLQYHVWLJDWHGDOO
SRVVLEOHUHDFWLRQSDWKZD\VVWDUWLQJIURP&X,,22+DQGZHZHUHDEOHWRUXOHRXWDQ\3&(7RUSURWRQWUDQVIHUPHGLDWHG22FOHDYDJH
PHFKDQLVPVWRZDUG&X,,2IRUPDWLRQ0HDQZKLOHZHLGHQWLILHGDSRVVLEOHSDWKZD\LQZKLFKWKHSUR[LPDO2RI&X,,22+DEVWUDFWV
DK\GURJHQDWRPIURPDVFRUEDWHOHDGLQJWRWKHIRUPDWLRQRI+2DQG&X,7KHKLJKUDGLFDOFKDUDFWHURQWKHSUR[LPDO2RI&X,,22+
RSHQVXSUHDFWLRQDYHQXHVWRZDUG+$$UHDFWLRQVZKLFKPD\KDYHLPSOLFDWLRQVLQRWKHUFRSSHUGHSHQGHQWHQ]\PHV
 %DVHGRQ WKHSUHVHQW FRPSXWDWLRQDO ILQGLQJV D FDWDO\WLFF\FOHRI/302V LVSURSRVHG LQZKLFK2 LV WKHR[LGDWLYH FRVXEVWUDWH IRU
/302VIURPZKLFKDQ+2LQWHUPHGLDWHLVIRUPHGLQVLWXYLDWKHDFWLYDWLRQRI2E\UHGXFLQJDJHQWV&ULWLFDOO\WKHFDWDO\WLFF\FOHH[SODLQV
WKHREVHUYHGVXEVWUDWHGHSHQGHQFHRIWKHUHDFWLYLW\RIWKH+2LQWHUPHGLDWHZKHUHWKH³LQVLWX´JHQHUDWHG+2LQWHUPHGLDWHHLWKHUFRQYHUWV
WR/302&X,,2YLDWKHKRPRO\VLV+$$PHFKDQLVPLQDFRXSOLQJSDWKZD\RUGLIIXVHVLQWRWKHEXONZDWHULQDQXQFRXSOLQJSDWKZD\
7KHFRPSHWLWLRQRIWKHVHWZRSDWKZD\VLVGHSHQGHQWRQWKHELQGLQJRIVXEVWUDWH$³VXLWDEOH´VXEVWUDWHFRXOGEDUULFDGH+2DQGSUHYHQW
+2GLIIXVLRQ LQWR WKHEXONZDWHU2XUUHVXOWVDOVRVSHDNWR WKHRQJRLQJGHEDWHDERXW WKHDFWLYDWLRQRI/302VE\HLWKHU2RU+2
VKRZLQJWKDWWKHWZRPHFKDQLVWLFSDWKZD\VDUHFRQQHFWHG7KHSUHVHQWILQGLQJVKDYHIDUUHDFKLQJLPSOLFDWLRQVLQ2DFWLYDWLRQDQG+2
IRUPDWLRQPHFKDQLVPE\RWKHUFRSSHUHQ]\PHV

$662&,$7('&217(17
6XSSRUWLQJ,QIRUPDWLRQ
$GGLWLRQDO 40%/<300 PHWDG\QDPLFV VLPXODWLRQV DQG40%/<3000'VLPXODWLRQV UHVXOWV7KLV VXSSRUWLQJ LQIRUPDWLRQ LV
DYDLODEOHIUHHRIFKDUJHYLDWKH,QWHUQHWDWKWWSSXEVDFVRUJ
$87+25,1)250$7,21
&RUUHVSRQGLQJ$XWKRUV
3DXO:DOWRQSDXOZDOWRQ#\RUNDFXN
&DUPH5RYLUDFURYLUD#XEHGX
3UHVHQW$GGUHVVHVᑽ6WDWH.H\/DERUDWRU\RI3K\VLFDO&KHPLVWU\RI6ROLG6XUIDFHVDQG)XMLDQ3URYLQFLDO.H\/DERUDWRU\RI7KHRUHWLFDODQG&RPSXWDWLRQDO
&KHPLVWU\&ROOHJHRI&KHPLVWU\DQG&KHPLFDO(QJLQHHULQJ;LDPHQ8QLYHUVLW\;LDPHQ35&KLQD
$&.12:/('*0(17
7KLVZRUNZDVVXSSRUWHGE\JUDQWV IURP0,1(&2&743 WR&5$*$856*5 WR&5 DQG WKH 6SDQLVK
6WUXFWXUHVRI([FHOOHQFH0DUtDGH0DH]WX0'0WR&57KHDXWKRUVJUDWHIXOO\DFNQRZOHGJHWKHFRPSXWHUUHVRXUFHVDW0D
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